The majority of hepatocellular carcinomas arise in background chronic liver disease, particularly cirrhosis. The pathogenesis of noncirrhotic hepatocellular carcinomas remains unclear. While malignant transformation reportedly occurs in o15% of hepatocellular adenoma, the prevalence of noncirrhotic hepatocellular carcinomas arising from a pre-existing adenoma is a challenge to study. Cirrhotic hepatocellular carcinoma and hepatocellular adenoma may be subclassified by molecular pathways, but little is known in noncirrhotic hepatocellular carcinoma. We aim to delineate clinical, morphologic and immunohistochemical features of noncirrhotic hepatocellular carcinoma to evaluate for possible derivation from hepatocellular adenoma. We evaluated the clinicopathologic features of 74 noncirrhotic hepatocellular carcinomas from 72 patients for underlying clinical conditions and immunohistochemical markers known to be associated with hepatocellular adenoma. Men were more commonly affected (59%); however, in the o50-year-old group, women predominated (8:1). The age range was wide: 18-83 years; median-64 years. Underlying liver diseases were identified in only 7%; however, 25% had diabetes mellitus, 69% were overweight or obese and 58% had metabolic syndrome. Only 50% of the noncirrhotic hepatocellular carcinoma were encapsulated. As published in hepatocellular adenoma, multifocality and larger tumor size were more common in liver fatty acid-binding protein-negative noncirrhotic hepatocellular carcinoma. Beta-catenin nuclear positivity was uncommon (5%), and was restricted to hepatocellular carcinomas in older men. Serum amyloid A positivity was not restricted to any subtype. In summary, we present the largest series to date examining noncirrhotic hepatocellular carcinoma. We evaluated these with current hepatocellular adenoma subclassification markers for possible associations. Thirty percent of the 74 noncirrhotic hepatocellular carcinoma had some clinical, morphological or immunophenotypical associations currently described in hepatocellular adenoma. Our data also confirm the association of noncirrhotic hepatocellular carcinoma in middle-aged to elderly men, an association with metabolic syndrome, and, as with hepatocellular adenoma, that women predominated in the noncirrhotic hepatocellular carcinoma subjects o50 years of age.
The worldwide incidence of hepatocellular carcinoma is increasing. 1 The most common associations with hepatocellular carcinoma are chronic liver disease due to viral hepatitis B and C and alcohol; nonalcoholic fatty liver with or without cirrhosis is also increasingly recognized in association with hepatocellular carcinoma. [2] [3] [4] Any chronic liver disease that results in cirrhosis however potentially shares common final genetic pathways to hepatocellular carcinomas through cirrhosis and dysplastic nodules. 5 Interestingly, the etiopathogenesis of noncirrhotic hepatocellular carcinoma remains unknown. 3, 6, 7 In addition, noncirrhotic hepatocellular carcinoma presents several challenges to diagnosis and management. There are no established guidelines for the detection of hepatocellular carcinoma in patients that are not cirrhotic, as there are for patients with cirr-hosis; 8, 9 thus, affected patients are often diagnosed because of symptoms rather than in screening and they commonly have larger, higher-stage tumors at the time of presentation than do patients with cirrhosis. Histopathological difficulties may arise with distinctions between well-differentiated hepatocellular carcinoma and hepatocellular adenoma, particularly in small biopsy specimens, as the latter, by definition, arise in a background of noncirrhotic liver. 10 Molecular studies have resulted in the following subclassification of hepatocellular adenoma with reproducible genotype-phenotype correlations: 11, 12 (i) adenomas in which the tumor suppressor hepatocyte nuclear factor-1a is inactivated lack expression of liver fatty acid-binding protein by immunohistochemistry; the tumors are steatotic. These are the most common hepatocellular adenoma to be multiple. 13 (ii) The least-common hepatocellular adenoma are those with b-catenin mutation, detected as nuclear and cytoplasmic b-catenin reactivity. This is accompanied by diffuse, strong glutamine synthetase reactivity by immunohistochemistry; 10 of note, a recent study has suggested the possibility that this entity may represent a very early hepatocellular carcinoma. 14 (iii) Hepatocellular adenoma with telangiectatic vessels, inflammatory cell collections and inflammatory protein expression, such as serum amyloid A or C-reactive protein 12 by immunohistochemistry, comprise the third group. These tumors, formerly termed telangiectatic focal nodular hyperplasia, are clonal 15 and molecular characterization of aberrant inflammatory pathway activation has been shown. 16, 17 (iv) Other 'unclassified' hepatocellular adenoma comprise the fourth type of hepatocellular adenoma. Among the four groups, the b-cateninactivated hepatocellular adenoma have a higher association with progression to hepatocellular carcinoma, and are also the hepatocellular adenoma that may be more often found in men. 13 While the demographics and potential risk factors, as well as immunohistochemical staining patterns for the above-mentioned immunohistochemistry markers are well documented in hepatocellular adenoma, little is known of the potential reactivity of these markers in noncirrhotic hepatocellular carcinoma. Study of the staining patterns in noncirrhotic hepatocellular carcinoma will not only aid in differential diagnosis but may provide insight into pathogenesis of noncirrhotic hepatocellular carcinoma. The aim of the current study is therefore to characterize the clinical and pathologic features and immunohistochemistry staining patterns of these markers in a large number of noncirrhotic hepatocellular carcinoma, and to evaluate the possibility of association with pre-existing hepatocellular adenoma based on the clinical information and immunohistochemistry patterns of reactivity. The assumption was made in advance that if hepatocellular adenoma preceded the hepatocellular carcinomas, ie, if the hepatocellular carcinoma had developed from malignant transformation of hepatocellular adenoma, the immunohistochemistry markers of the hepatocellular adenoma could possibly be retained. Clinical outcomes of these noncirrhotic hepatocellular carcinoma patients were compared with recent reports in the literature. 18 
Materials and methods

Patients
All resected or transplanted noncirrhotic (Scheuer fibrosis stage 0-3) hepatocellular carcinomas cases between 1990 and 2009 identified by a computer database search of the Department of Pathology and Immunology, Washington University School of Medicine, were identified. Exclusions were serologic detection of hepatitis B infection and inadequate material for the study. Medical records were reviewed, and pertinent demographic data (age, gender, underlying diseases including features of metabolic syndrome), and follow-up data (recurrencefree survival and overall survival) were extracted. The study was approved by the Institutional Review Board of Washington University School of Medicine.
Histopathology
Morphologic evaluation was performed on the tumor sections that had been previously submitted for standard-of-care evaluation; these ranged from 1 (small tumor) to 420 sections per case. Peritumoral liver tissue was examined on at least 2 blocks (small tumors) to 46 blocks for each case. The morphologic studies were performed by the two pathologists. After evaluation of entire cases, 1-2 representative tumor blocks/case were chosen that showed the least amount of necrosis and/or hemorrhage, and that included background liver for immunohistochemistry. Tumor classification was based on 2010 World Health Organization, 19 and combined hepatocellular carcinoma-cholangiocarcinoma cases were excluded from the study. Fibrosis staging (0-4) was determined using Scheuer criteria. 20 Tumor grading was Edmondson-Steiner criteria. Steatosis in both the liver and the tumor were individually graded (0: none; 1: o33%; 2: 33-66%; 3: 466%), and in cases where background, nontumoral liver showed grade 2-3 steatosis, nonalcoholic fatty liver disease activity score was determined; 21 a diagnosis of steatohepatitis was rendered if present. Histopathologic features specifically noted for classification as potential hepatocellular adenoma included the following: uniform bland tumor cytology with little to no nuclear pleomorphism or nucleoli, lack of mitoses, intratumoral large droplet steatosis, prominent telangiectasias/peliosis, intratumoral foci of chronic inflammation associated with fibrovascular cores. Steatosis, peliosis and inflammatory foci were not required variables, whereas the bland nature of the tumors and lack of mitoses were.
Immunohistochemistry
Prior to immunohistochemistry, antigen retrieval was performed using 1 mM EDTA at pH 8.0. A panel of immunohistochemistry was performed using a Benchmark XT autostainer (Ventana; Tucson, AZ, USA). The antibodies included: glutamine synthetase (1: 200; BD Biosciences; San Jose, CA, USA), liver fatty acid-binding protein (1: 50; Abcam; Cambridge, MA, USA), serum amyloid A (4 mg/ml; DAKO; Carpinteria, CA, USA), TP53 (prediluted 3 mg/ml; Ventana), keratin 19 (K19; prediluted 0.26 mg/ml; Cell Marque; Rocklin, CA, USA), bcatenin (prediluted 3.06 mg/ml; Cell Marque), glypican-3 (prediluted 0.5 mg/ml; Cell Marque). The Ultraview universal DAB detection system was used for signal detection (Ventana).
Criteria for Determining Noncirrhotic Hepatocellular Carcinoma with Potential Derivation from Hepatocellular Adenoma
The following criteria were used to define potential derivation of noncirrhotic hepatocellular carcinoma from hepatocellular adenoma: (1) cytologic and/or architectural evidence of co-existing noncirrhotic hepatocellular carcinoma and hepatocellular adenoma in the same lesion; (2) tumor with steatosis lacking liver fatty acid-binding protein staining; (3) diffuse serum amyloid A expression in noncirrhotic hepatocellular carcinoma that also showed telangiectatic vessels within the tumor; (4) nuclear and/or cytoplasmic b-catenin with diffuse glutamine synthetase staining in the tumor. Tumors that met at least one of the criteria were classified as possible derivation from hepatocellular adenoma.
Statistical Analysis
For each parameter, a univariate analysis was performed. Unpaired t-test was used for comparison between two separate groups. One-way ANOVA test was used for multi-group comparison. Significance was defined as Po0.05.
Results
A total of 72 patients with 74 noncirrhotic hepatocellular carcinomas met enrollment criteria. Fortyfour patients were men (59%). The ages ranged from 18 to 83 years; mean and median ages were 64 and 65 years, respectively. Subjects o50 years were almost all women (8:1, women:men), whereas men predominated in the higher ages (43: 22; both Po0.05) (Figure 1 [25] [26] [27] [28] [29] , and 17 patients (31%) were obese (body mass index Z30); thus, only 19 patients (35%) were within normal limits (body mass index o25). Applying criteria for metabolic syndrome, 22 15 of 26 patients with complete clinical data for evaluation had metabolic syndrome (58%). Five patients (7%) were diagnosed with hepatitis C. History of more than moderate alcohol use was noted in 6 out of 55 patients (11%) ( Table 1) . However, histologic evidence of alcoholic liver disease was documented in only 1 patient (1%), who had concomitant hepatitis C. Overall, 7% of patients had underlying viral hepatitis with/ without alcoholic liver disease. Twenty specimens (27%) had no fibrosis, 19 (27%) had stage 1 fibrosis (portal expansion), 27 (36%) had stage 2 fibrosis (periportal fibrosis), and 8 (11%) had stage 3 fibrosis (bridging fibrosis with nodularity). By definition, none were cirrhotic. Table 2 summarizes clinicopathologic findings. Fifteen specimens (20%) showed varying degrees of steatosis in the nontumor liver; the majority of these livers showed grade 1 steatosis, but 4 (5%) showed grades 2-3 steatosis. Three of 4 corresponding subjects were overweight/obese. No sample was diagnosed as steatohepatitis.
There were 74 hepatocellular carcinomas. The sizes of the resected hepatocellular carcinomas ranged from 1.3 cm to 24.0 cm, with a mean of 8.1 cm. Fifty-four (73%) of the tumors were solitary. Tumor encapsulation was present in only 37 cases (50%). Edmondson-Steiner grades were as follows: grade I, 10 (14%); grade II, 35 (47%); grade III, 17 (23%), and grade IV, 12 (16%). The majority of hepatocellular carcinomas had no lymph-vascular space invasion (49 cases; 66%). Two cases were fibrolamellar hepatocellular carcinoma (3%), 1 scirrhous type (1%), and 5 were inflammatory (7%). Varying degrees of steatosis were seen within 7 hepatocellular carcinomas (9%). Necrosis was 
Immunohistochemistry
Eighteen hepatocellular carcinomas (24%) had complete lack of liver fatty acid-binding protein expression, 4 of which had steatosis within the Figure 2 . Beta-catenin nuclear and cytoplasmic expression was found in 5% of cases, and the glutamine synthetase (glutamine synthetase) expression was diffusely and strongly positive in these same cases. The positive cases were all men, aged 62-78 years (median 64.5 years, mean 67 years), all solitary lesions, with mean tumor size of 8.25 cm (range, 3.5-14 cm). Although advanced age and male gender of the involved subjects make pre-existing hepatocellular adenoma unlikely, it is challenging to completely exclude the possibility. Representative expression patterns are in Figure 3 .
In our cohort, 39% (29 noncirrhotic hepatocellular carcinoma) showed no serum amyloid A immunohistochemistry expression whereas of the 61% that did, serum amyloid A was focally present in 31 and diffuse in 14. The tumors in the diffusely serum amyloid A-positive group were larger than in the serum amyloid A-negative group (Table 4 ; Po0.05). The subjects with diffuse reactivity were younger and were more often overweight or obese; 39% had diabetes, and up to 36% had steatosis in the background liver (Po0.05 compared with non-serum amyloid A-expressing hepatocellular carcinoma). None of the subjects had viral hepatitis or alcoholic liver disease. The ratio of men to women remained high in both the positive (10:4) and negative (18:11) Figure 4 . In uninvolved liver, glutamine synthetase immunohistochemistry reflects nitrogen metabolism and is thus typically present only in the immediate zone 3 rim (perivenular) hepatocytes. In hepatocellular adenoma, nonzonal (diffuse or patchy) glutamine synthetase stain pattern with loss of zonation may occur, whereas diffuse and intense reactivity is highly suggestive of hepatocellular carcinoma in the appropriate clinical setting. 23 In the current study, the majority of hepatocellular carcinoma (50 cases; 68%) showed diffuse reactivity within the tumor, whereas 5 cases showed patchy reactivity (7%) ( Table 5 ). Eighteen cases (24%) demonstrated a less regular, more heterogeneous but intense pattern, but none were 'map-like' as seen with focal nodular hyperplasia. Only 1 case had no expression of glutamine synthetase (1%). The patient was an 18-year-old man with serum amyloid A-positive, b-catenin-negative hepatocellular carcinoma, who had no underlying risk factors for hepatocellular carcinoma or adenoma. Interestingly, the 5 cases with patchy glutamine synthetase staining pattern did not have fibrosis (Po 0.05), whereas the 8 livers with background bridging fibrosis had more irregular reactivity (Po0.05). Patients whose tumors showed heterogeneous staining patterns were more commonly overweight or obese. Representative staining patterns are shown in Figure 5 .
The expression of glypican-3, a fetal oncoprotein that has gained interest in distinguishing hepatocellular adenoma from carcinoma when positive, [24] [25] [26] was evaluated. The majority of the cases (70%) showed varying extents and degrees of glypican-3 expression, but 22 tumors (30%) were negative. The reactivity patterns in glypican-3-expressing tumors were quite variable: patchy in 30%, diffuse in 38%, and heterogeneous in 3%. Most of the glypican-3-negative hepatocellular carcinomas were grade I (23%) or II (50%). No correlation with tumor size and glypican-3 expression was noted, but all eight cases with stage 3 fibrosis were positive for glypican-3 reactivity (Po 0.05). Glypican-3 was negative in serum amyloid A-positive tumors, and positive in serum amyloid A-negative tumors (Po0.05). Glypican-3-positive noncirrhotic hepatocellular carcinomas were also more commonly found to have strong nuclear p53 immunohistochemistry (Po0.05).
Overall, it was concluded that 22 noncirrhotic hepatocellular carcinoma (29.7%) were potentially derived from hepatocellular adenoma based on the clinical, histologic features, and immunoprofile, including the following: (1) morphologic suggestion of co-existing noncirrhotic hepatocellular carcinoma and adenoma in the same lesion (n ¼ 10); (2) steatotic tumor lacking liver fatty acid-binding protein staining (n ¼ 4); (3) diffuse serum amyloid A expression in noncirrhotic hepatocellular carcinoma that showed morphologic features of inflammatory adenoma within the tumor (n ¼ 4); (4) nuclear and/or cytoplasmic beta-catenin with diffuse glutamine synthetase staining in the tumor (n ¼ 4).
Mutation of p53 tumor suppressor gene has been implicated in HCC carcinogenesis. 27 Overall, B30% of the noncirrhotic hepatocellular carcinoma in our series showed certain degrees of nuclear p53 labeling. Ten cases showed p53 immunoreactivity in X10% of tumor nuclei; the remainder were negative (58%), or had very low expression (o1% of cells), or expression in 1-10% of tumor nuclei (12 cases). Other than with the glypican-3 and K19 stains, as described below, p53 immunohistochemistry had no correlation with the number of tumor, tumor size, or expression of other immunohistochemistry markers.
K19 expression has been proposed as a poor prognostic indicator in cirrhotic hepatocellular carcinoma. [28] [29] [30] Using 5% positivity as a cutoff, 88% of noncirrhotic hepatocellular carcinoma were negative. Of the 9 hepatocellular carcinoma with K19 positivity in X5%, 4 were o20%; 5 showed Expression of K19 X5% correlated with less tumor encapsulation and with the presence of p53 mutation (both Po0.05), but not with tumor grade, lymph-vascular space invasion, tumor size, multifocality, any other tested markers, recurrence-free survival or overall survival. The 5 cases with K19 X20% tended to have worse prognosis but that did not reach statistical significance. Therefore, in this group of noncirrhotic hepatocellular carcinoma, K19 expression is not considered a prognostic marker.
When data were stratified by stage of fibrosis (Table 1) , there were two main findings. The tumors in the setting of no or minimal fibrosis (stage 0-1) showed greater tumor size than those in mild or moderate fibrotic livers (stage 2-3) (Po0.05). Similarly, none of the tumors in stage 0-1 group showed moderate or marked intratumoral steatosis, whereas 7 of 35 tumors in the stage 2-3 group did (Po0.05).
Previously reported prognosis of resected noncirrhotic hepatocellular carcinoma is up to 31 months of recurrence-free survival and 3 years of overall survival (reviewed in the study by Laurent et al 18 ). The noncirrhotic hepatocellular carcinoma patients in the current study had a median recurrence-free survival of 32.78 months and an overall survival of 38.83 months (Figures 6a and b) . Our data are consistent with the reported prognosis of noncirrhotic hepatocellular carcinoma patients treated by resection. 18, 31 Discussion Hepatocellular carcinoma in noncirrhotic liver is uncommon, yet may pose diagnostic challenges and conceptual challenges as to etiopathogenesis. The literature has documented that 3-6% of resected hepatocellular adenomas show areas of hepatocellular carcinoma, and that tumor size 45 cm and male gender are risks, 32,33 but it is not known if noncirrhotic hepatocellular carcinomas in general are the result of hepatocellular adenoma transformation or represent de novo carcinoma. Farges et.al 34 showed malignant transformation in 10.5% of 218 hepatocellular adenoma studied over a recent 10-year period. The calculated risk of malignant transformation of 4% in women had remained stable, but the 47% risk in men increased along with the prevalence of metabolic syndrome. In a smaller series, 3 of the 17 resected hepatocellular adenoma with malignant transformation were all in reproductive-aged women, as is common for hepatocellular adenoma; one hepatocellular carcinoma and none of the hepatocellular adenoma had evidence of mutated p53. 35 In this study, we characterized the etiology, morphology, immunohistochemistry, and survival in 72 patients with 74 noncirrhotic hepatocellular carcinoma treated by resection spanning 20 years in our institution. Several points are worth noting. Although over half (59%) of the patients were men, average age 64 years, just as in cirrhotic hepatocellular carcinoma, women predominated by 8:1 in the o50-year-old-age group. This is a unique and important finding, as hepatocellular adenoma also occur predominantly in women, and in a younger age group. 10 This finding in our series may lend insight into pathogenesis; from a diagnostic perspective, on the other hand, it also suggests that female gender is not always reliable in favoring hepatocellular adenoma over noncirrhotic Noncirrhotic hepatocellular carcinoma histologic and clinical features T-C Liu et al hepatocellular carcinoma in the 450-year-old age group. In contrast, hepatocellular adenoma is rare in men, and the presence of a large liver mass in noncirrhotic liver is more likely to be hepatocellular carcinoma, especially in the 450-year-old age man. Two-thirds of the patients were overweight or obese, 25% had diabetes, and 58% had metabolic syndrome. While nonalcoholic fatty liver disease was common, the amount of steatosis was rarely higher than grade 1 and steatohepatitis in the nontumor liver was not seen in any case. A recent French study recognized the strong association of hepatocellular carcinoma with metabolic syndrome in noncirrhotic livers. 3 Other studies have also concluded that obesity and diabetes are associated with hepatocellular carcinoma. 36 In our patient cohort, two-thirds were overweight or obese, which likely reflects the high prevalence of obesity and overweight in the US population, 37 higher than in France. 38 Thus it is still unclear whether it is the prevalence of obesity per se, a recognized systemic chronic pro-inflammatory condition, that predisposes to hepatocellular carcinoma, or if obesity is a co-factor in initiation and progression. Obesity and metabolic syndrome are both associated with hyperinsulinemia, a pro-inflammatory and proliferative state that has been linked to hepatocellular carcinoma. 39, 40 The majority of the patients (93%) had no evidence of viral hepatitis or alcoholic liver disease. The majority of the background livers showed periportal (stage 2) or less fibrosis. No significant differences beyond greater tumor size in livers with lower stages of fibrosis, and more tumoral steatosis in hepatocellular carcinoma with higher background fibrosis were noted between background livers in this cohort.
The potential expression of recently proposed immunohistochemistry markers for hepatocellular adenoma, [10] [11] [12] [13] other than b-catenin and glutamine synthetase, in noncirrhotic hepatocellular carcinoma is relatively unknown; ours is the first study to systematically analyze them in this setting. The study was conducted under the assumptions that (1) noncirrhotic and cirrhotic hepatocellular carcinoma have distinct mechanistic pathogenic pathways, and (2) if the hepatocellular carcinoma had developed from malignant transformation of hepatocellular adenoma, the immunohistochemistry markers of the hepatocellular adenoma could possibly be retained. No a priori assumptions were made as to gender or age for the initial lesion (hepatocellular adenoma or carcinoma), as the lesions being evaluated represent the final stage of carcinogenesis. The current study demonstrated expression (or loss of) of markers in up to 80% of the noncirrhotic hepatocellular carcinomas: 24% showed loss of liver fatty acid binding protein, and 450% showed some degree of serum amyloid A expression. Five percent had nuclear and cytoplasmic expression of b-catenin, and all of the latter also had diffuse glutamine synthetase positivity. In fact, all but 1 noncirrhotic hepatocellular carcinoma expressed glutamine synthetase. Only 50% of the noncirrhotic hepatocellular carcinoma were encapsulated, as with hepatocellular adenoma, and 39% had other morphologic features found in hepatocellular adenoma such as peliosis, inflammatory foci, and bland cytology. However, when all morphologic and immunophenotypic features were considered, only 29.7% of the noncirrhotic hepatocellular carcinomas could be potentially classified as malignant transformation of an hepatocellular adenoma.
While it has been shown that loss of detectable liver fatty acid-binding protein expression by tumoral hepatocytes by immunohistochemistry correlates with bi-allelic hepatocyte nuclear factor1a mutation, 11 it is not known if this is the case in hepatocellular carcinoma. Similar to hepatocyte nuclear factor-1a-mutated hepatocellular adenoma, the liver fatty acid-binding protein-negative noncirrhotic hepatocellular carcinomas were slightly more often multiple. Nonetheless, among the 24% of noncirrhotic hepatocellular carcinoma that showed complete loss of liver fatty acid-binding protein, only 4 cases contained intratumoral steatosis. Serum amyloid A, an acute phase reactant expressed by hepatocytes, is a marker for inflammatory hepatocellular adenoma and showed at least weak expression in 60% of noncirrhotic hepatocellular carcinoma. Among the serum amyloid A-expressing HCCs, 33% showed morphologic suggestions of hepatocellular adenoma or had various degrees of intratumoral inflammation; serum amyloid A positivity correlated with tumor size.
Other markers of interest in hepatocellular carcinoma in our study included glypican-3, p53 and K19. The first was more common in high than lowgrade tumors, and positivity correlated with intratumoral p53 expression. The inverse correlation of glypican-3 and serum amyloid A expression suggests that serum amyloid A-expressing noncirrhotic hepatocellular carcinomas may have different carcinogenic pathways. The majority of the noncirrhotic hepatocellular carcinomas did not show evidence of p53 mutation or X5% K19 expression; thus, neither was considered to be prognostic.
The overall 5-year survival for resected noncirrhotic hepatocellular carcinoma is reported to be 30-50%. 18, 31 Our data are consistent with these published results. Lack of early detection likely has a significant role in this poor overall survival. Surgery, in the form of transplantation or resection, remains the treatment modality of choice in noncirrhotic hepatocellular carcinoma patients. One limitation of this study is that of retrospective analysis of tumor and background liver tissue sampling. Tissue sampling had been performed according to contemporaneous protocols for routine patient care. In addition, complete clinical information for the evaluation for metabolic syndrome is only available for a fraction of the patients and therefore a firm conclusion cannot be drawn; nonetheless, our finding of association with metabolic syndrome is consistent with other studies. Another caveat is that the expression (or lack of) certain markers may be due to etiologies other than adenoma transformation. However, as no preclinical model is currently available to address the etiopathogenesis of noncirrhotic hepatocellular carcinoma, these immunohistochemistry markers, together with clinical and morphological correlates, are the best available tools to attempt to address possible relationships between hepatocellular adenoma and noncirrhotic hepatocellular carcinoma to date. Thus, the importance of interpreting the immunoprofile in conjunction with clinical and other histologic features cannot be overemphasized. Future studies involving sequencing (eg, for hepatocyte nuclear factor-1a mutation in noncirrhotic hepatocellular carcinoma with loss of liver fatty acid binding protein expression) may provide more insight. Analyzing additional cases will allow us to perform multivariate analysis. Finally, we recognize this approach serves as one of many approaches to evaluate the possibility of transformation of hepatocellular adenoma to carcinoma in noncirrhotic livers.
In summary, we present a clinical-pathological study in a large noncirrhotic hepatocellular carcinoma population. We utilized detailed characterization of immunohistochemistry markers currently used to subclassify hepatocellular adenoma in conjunction with morphology to detect possible derivation or association with prior hepatocellular adenoma. Our data suggest that the majority of noncirrhotic hepatocellular carcinoma in our series were de novo and did not represent malignant transformation from hepatocellular adenoma. A unique observation was the predominance of women in the o50-year-old group of noncirrhotic hepatocellular carcinoma, and we confirmed an association of metabolic syndrome with noncirrhotic hepatocellular carcinoma in men. Future directions include identification of contributing factors and genetic and molecular markers, keeping the potential gender and age-related differences in mind. Longitudinal studies with regular screening and follow-up in patients with metabolic syndrome will also provide more insight into the potential relationship between hepatocellular adenoma and noncirrhotic hepatocellular carcinoma.
